In order to achieve extended life of asphalt pavement, one of key points is to achieve a good bonding between it's components. This research paper presents findings on the topic of influence of polyethylene bitumen modification on the adhesion between bitumen and aggregate. A novel method of quantifying the bitumen coated area, based on computer image analysis, has been developed for this study. Two different methods of adhesion testing were employed, namely boiling water method and the rolling bottle method. Aggregates used in this study were granite and limestone.
TESTING METHODS FOR BITUMEN AGGREGATE ADHESION
Two methods of adhesion testing were utilized in this study: boiling water and rolling bottle.
The boiling water method is based on a currently withdrawn old Polish standard (PN-84 B-06714/22 "Kruszywa mineralne. Badania. Oznaczanie przyczepności bitumów / Mineral aggregates. Tests. Assesment of bitumen adhesion"). According to this method a washed and dried sample of aggregate is uniformly coated by a specific amount of bitumen. Such specimen is then placed in a beaker and boiled in water for 10+3 min. During the boiling process, loose particles of bitumen are removed from the water surface using paper strips. After the boiling procedure, the aggregate is removed from the beaker and the percentage of area coated with bitumen is visually assessed.
Currently the most widely spread method of testing bitumen-aggregate adhesion is the rolling bottle Bottles are placed in the rolling machine (set to a rotational speed depending on the penetration of the tested bitumen) for 24 hours; during the procedures the percentage of coated area is assessed after 6 and 24 hours.
DEVELOPMENT OF COMPUTER IMAGE ANALYSIS METHOD
Computer image analysis [19] is a field of computer science devoted to extraction of meaningful information from images. In this study the percentage of aggregate's particle surface coated with bitumen was computed based on aggregate images captured with the help of the setup shown in Since the spacing between the image markers shown in Fig. 2 is known, application of a photographic reference scale was not required. Image generated by the software is shown in Fig. 3 .
It consists of three distinctive parts, a reference image on the right for debugging, a resultant image of the analysis on the left [15] , and a data signature in the bottom, which contains the sample ID, percentage of area covered with bitumen and an aggregate pixel count. The software written for the purpose of this study allows for batch analysis and automatically exports a raw .txt file with an ID data pair. 
RESULTS AND ANALYSIS
The presentation of test results obtained during this study was divided into three different parts:
boiling water method, rolling bottle method (after 6 hours and after 24 hours of rolling) and part three statistical analysis and methods comparison. Merged test data is shown in Table 1 . Table 1 . Going from the left to right one can observe the results of raw bitumen coated granite and limestone, followed by granite and limestone coated with bitumen modified with a 5% PE based modifier, finishing with granite and limestone coated with the modified 5% PE based copolymer. The box chart distributions for the modified bitumens are tighter, probably due to the increased hardness of the modified bitumens. Table 3 that finding has no statistical significance.
Fig. 5. Boiling water method mean test results
All results obtained from the boiling water method passed the two sample t-test for equal means (Table 2) , and as such may be used for measuring the influence of bitumen PE modification on the adhesive properties of the bitumen. Table 1 . Once more, going from the left to right one can observe the results of raw bitumen coated granite and limestone, followed by granite and limestone coated with bitumen modified with a 5% PE based modifier, finishing with granite and limestone coated with the modified 5% PE based copolymer. After additional 18 hours of rolling, the results seem to converge into a denser distribution. The statistical analysis of the results acquired after 6 and 24 hours of the rolling bottle test (Table 2) showed that only one measurement presents statistical significance in terms of cross-bitumen adhesion comparison. Similarly to the results visible in Fig. 7 , the finding from Fig. 9 which were based on the Table 2 prohibits from using the bottle method results as a metric for cross-bitumen adhesion comparison.
ROLLING BOTTLE METHOD

STATISTICAL ANALYSIS AND METHODS COMPARISON
The results from all 108 measurements were tested for statistical soundness using two sample t-test [16] (α=0,05) for equal means based on the t-distribution with 10 degrees of freedom, as sketched in Fig. 10 (based on the two sample t-test formula). If the p-value is lower than α=0,05, then it may be assumed with a 95% confidence interval (CI) that the result is true. Results of the cross-bitumen adhesion comparison are shown in the Table 2 . 
CONCLUSIONS
Proper bitumen-aggregate adhesion plays a vital role in pavement durability. In this paper determination of the influence of polyethylene modification on the adhesive properties of modified bitumen was studied. Based on the cross-bitumen adhesion results it can be concluded that addition of polyethylenes to bitumens has a negative effect on the latter's adhesion with aggregate. Due to the fact that seven out of eight tests (rolling bottle method) turned out to be statistically insignificant (by statistical significance it is understand that the registered differences between the modified sample and the control sample are small) and as such could not be used to draw conclusion as to the effects of PE modification on bitumen adhesion in the light of the t-test. Moreover, they were not used to further determine the effects of polyethylene modification on bitumen adhesion. Based on the cross-aggregate adhesion results of the rolling bottle method, it seems to be clear that the type of used aggregate has an effect on the registered adhesion. The granite samples which represent acidic aggregates are substantially harder (6-7 on the Mohs scale) than the alkaline limestone (2-3 on Mohs scale). As of this moment, PE modification seems to worsen the adhesion between bitumen and aggregate. The rolling bottle method's results tend to reflect the abrasive properties of the used aggregate, and not the aggregate -bitumen adhesion. 
LIST OF FIGURES AND TABLES
Fig
